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Abstract
In an effort to stimulate new fisheries and address historic imbalances in access to fishing rights, there has been a recent focus on the development
of small-scale fisheries in South Africa. To assess the biological viability of a fishery for the alien mussel Mytilus galloprovincialis, an experimental
fishery operated by two impoverished coastal communities was initiated. Harvesting took place on a rotational basis at three sites, nested within
four locations. At each of these 12 sites, 5 treatments were undertaken to span a spectrum of harvesting intensities (F = 0, 0.3, 0.6, 0.9 and a once-off
total removal). A dynamic biomass-based fisheries model was developed to predict changes in exploited populations over time. Monthly maximum
sustainable yield (MSY) estimates peaked at 1560 kg per 100 m of shore in March–April and September–October, but dropped by two orders of
magnitude to 15 kg per 100 m of shore during the remainder of the year. The two peaks in MSY corresponded to the peak spawning periods of
M. galloprovincialis along the South African west coast. Consequently, harvesting will only be viable if focused within two seasons spanning the
peaks in MSY. Under these conditions, a range of harvesting intensities between F = 0.1 and 0.3 would permit long-term biological sustainability
of a fishery. If implemented, this would represent the first instance of a marine invasive species being utilised to achieve socio-economic goals in
South Africa.
© 2007 Elsevier B.V. All rights reserved.
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1. Introduction
In many parts of the world, fisheries of near-shore and inter-
tidal marine resources are well established. One of the most
thoroughly researched systems subjected to such exploitation
is the Chilean coast. There, harvesting of the intertidal preda-
tory gastropod Concholepas concholepas, the key-hole limpet
Fissurella crassa and the sea urchin Loxechinus albus is both
common and economically important (Oliva and Castilla, 1986;
Durán et al., 1987). By contrast, the exploitation of intertidal
marine resources is almost entirely limited to subsistence util-
isation in South Africa, where it is focused predominantly on
the coasts of northern Kwazulu-Natal (Kyle et al., 1997; Harris
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et al., 2003) and the Eastern Cape (Hockey et al., 1988; Lasiak,
1992). The brown mussel Perna perna forms the major portion
of catches in this region, but other organisms collected include
a number of species of limpet, oyster and abalone (Siegfried et
al., 1985). In comparison, the west coast is subjected to dra-
matically lower levels of exploitation (Griffiths and Branch,
1997), because of the low human population density there and
the exclusion of the public from large areas by diamond-mining
operations.
To date, 21 marine alien species are known from South
African waters (Mead et al., in press). Of these the most sig-
nificant is the Mediterranean mussel Mytilus galloprovincialis.
First recorded along the South African west coast in 1979
(Branch and Steffani, 2004), this aggressive invader is currently
the dominant intertidal species along the west coast and occu-
pies over 2000 km of South African coastline (Robinson et al.,
2005). As a principal space occupier the ecological impacts of
M. galloprovincialis are wide ranging and include partial dis-
placement of the indigenous mussels Choromytilus meridionalis
0165-7836/$ – see front matter © 2007 Elsevier B.V. All rights reserved.
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and Aulacomya ater (Hockey and Van Erkom Schurink, 1992),
competitive dominance of the limpets Scutellastra granularis
and Scutellastra argenvillei (Griffiths et al., 1992; Steffani and
Branch, 2003a; Steffani and Branch, 2005) as well as signifi-
cant changes to overall community structure (Robinson et al.,
2007a).
In an effort to stimulate new fisheries-based industries, and
address historic imbalances in access to fishing rights, increasing
attention has been paid to the development of small-scale com-
mercial fisheries in South Africa in recent years (Levitt et al.,
2002; Pulfrich and Branch, 2002). In line with such expansion,
and in an effort to bring economic upliftment to impoverished
coastal communities of the Northern Cape Province, the Sus-
tainable Coastal Livelihoods Programme (SCLP) initiated a
project in 2002 to determine the potential for exploitation of
inshore marine resources in the region. In particular, M. gallo-
provincialis was identified as a possible target species, and a
Northern Cape Mussel Project was established by the Fishing
and Mariculture Development Association (FAMDA) through
the SCLP. This project was charged with establishing an exper-
imental intertidal mussel fishery based on M. galloprovincialis
that would ensure both maximum economic benefit to the his-
torically disadvantaged coastal communities in the region and
the sustainability of the fishery. This represents the first project
in South Africa to consider the utilisation of an alien marine
species to generate economic benefits for local communities.
2. Methods
2.1. Experimental design and selection of harvesting sites
Several factors influenced the selection of harvesting sites.
Firstly, by design the fishery needed to focus around the com-
munities of Port Nolloth and Hondeklipbaai (Fig. 1), the only
two communities in the region with direct access to the coast.
Fig. 1. Map of the west coast of South Africa showing the geographical position
of the four harvesting locations (underlined) and other places mentioned in the
text.
Secondly, due to diamond-mining activities, open access to the
shore in this region is restricted. Thirdly, the remoteness of the
region meant factoring in the logistics of transporting people to
the sites and mussels from there to the market. In many areas not
even freshwater is available. Lastly, the local people employed
as harvesters had no history of utilising intertidal resources and
very few could swim so it was vital that harvesting sites be as
safe as possible with regards to wave-exposure. In an effort to
combine the above constraints into a robust experimental setup,
a nested design was chosen in which groups of three sites were
nested within each of four locations, offering 12 harvesting sites
in total. Port Nolloth, Brazil North, Brazil South and Hondek-
lipbaai were chosen as the four locations (Fig. 1). The sites
within each location were separated by a minimum of 50 m and
a maximum of 5 km. All harvesting sites were located on gently
sloping rocky platforms bordered below by beds of the kelps
Laminaria pallida and Ecklonia maxima. In the pre-harvested
state, the mid-shore of most sites was covered by an open mussel-
algal matrix dominated by M. galloprovincialis and the algae
Gigartina stiriata and Champia lumbricalis and the low-shore
zone was dominated by dense beds of M. galloprovincialis.
To track the effects of a spectrum of predetermined harvesting
intensities on the M. galloprovincialis stocks, each site was sub-
divided into five areas: a control area with no harvesting (F = 0),
a once-off total clearance area, and areas of F = 0.3, 0.6 and
0.9, respectively, referring to preset harvesting intensities where
30, 60 or 90% of the mussel biomass present in the pre-harvest
state was harvested over the 6-month duration of the experi-
ment. The order of these areas within each site was randomly
allocated. During a pre-harvest survey the standing stock of M.
galloprovincialis at each site was assessed (see below). As no
significant difference between sites was detected in the biomass
M. galloprovincialis (one-way ANOVA, data log transformed:
F11,24 = 2.173, p > 0.05) or its densities (one-way ANOVA, data
log transformed: F11,24 = 5.876, p > 0.05), the mean biomass of
246 kg m−1 (152 S.D.) was used to calculate harvest intensities
that would maintain desired harvesting levels in each area. In an
effort to make harvesting simple for the harvesters, the biomass
to be harvested from each area was kept the same and the dif-
ferent intensities were achieved by varying the widths of the
experimental areas (Table 1). On a practical level the harvest was
controlled by allowing the removal of 14 milk crates of mussels
(17.5 kg wet weight per crate) from each area. The boundaries
of various areas were marked by permanent bolts drilled into
the rock above the mean high water mark and near the low tide
mark. Upon arrival at a site the harvesters were required attach
Table 1
The width of the various harvesting areas and the harvest of mussels (kg)
removed from each
Harvesting intensity Width of area (m) Harvest (kg)
Control 10.0 0
F = 0.3 10.0 738
F = 0.6 5.0 738
F = 0.9 3.3 738
Total removal 3.0 738
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ropes between the upper and lower bolts to demarcate the various
harvesting areas. A monitor was present at all times during har-
vesting to ensure that harvesters did not stray over the boundary
lines, and that they harvested from each area during each harvest.
To ensure that all harvesters understood their role in the
experiment, training sessions were held both before and during
harvesting. In these sessions the experimental design and impor-
tance of using only the allocated harvesting tools (i.e. harvesting
by hand and with screwdrivers) was explained to the harvesters.
Harvesters were also asked to target mussels larger than 50 mm
(the size most easily marketed), but all mussels dislodged from
the rocks were to be placed within the harvesting crates. Due
to the wide geographic area over which the experiment was
conducted and the logistics of transporting harvesters and their
harvest, a rotational harvesting system was implemented with
one location harvested on each set of spring tides.
2.2. Biological data
2.2.1. Pre-harvest survey
Before commencement of harvesting, each site was surveyed
to determine the biomass and density of M. galloprovincialis.
In each area the mussel bed was divided into three vertical
zones: low mussel zone (MLWS–MLWN); mid mussel zone
(MLWN–MHWN); high mussel zone (MHWN–MHWS). The
width of each of these zones was recorded, and the percentage
cover of M. galloprovincialis in each determined by rolling a
1.0 m × 0.5 m quadrat up the shore. Each quadrat reading was
used as a replicate measure of percentage cover. In each zone
all mussels were removed from three 0.01 m2 quadrats that had
been placed in areas with 100% mussel cover. All M. gallo-
provincialis individuals in these latter samples were separated
out, weighed, counted and measured to the nearest mm. The
mean values of biomass m−2 of shore in each zone were multi-
plied by the area covered by M. galloprovincialis in that zone,
to calculate the total biomass supported in each mussel zone in
each harvesting area.
2.2.2. Harvest site monitoring
To track the changes in M. galloprovincialis populations
over time, the size-frequency distribution of M. galloprovincialis
remaining on the rocks under the various harvesting intensities
was monitored every 2 months. In each of the three predefined
mussel zones, all mussels were removed from three 0.01 m2
quadrats, which were randomly placed within areas with 100%
mussel cover. All M. galloprovincialis individuals over 10 mm
were separated out and measured to the nearest mm. When more
than 50 mussels were present in a quadrat, the sample was halved
and all individuals in one randomly selected sub-sample were
measured.
2.2.3. Growth rates
The growth rates of M. galloprovincialis were determined in
the lower mid-intertidal zone at Port Nolloth, Brazil North and
Hondeklipbaai. Due to logistical constraints, growth rate was
only measured at this tidal height and was not determined at
Brazil South. As this location is only 6 km from Brazil North,
Fig. 2. A diagram of a mussel with a notched posterior shell margin. The dif-
ference between initial and final shell length is representative of shell length
growth.
the growth rates of these two locations were assumed to be equal.
Eight 0.015 m2 plots were randomly selected from the middle
of the mussel bed (avoiding mussels on the edges) and perma-
nently marked. In each plot, 50 mussels 10–40 mm in length
were randomly chosen and their shells notched in situ at the
posterior-ventral margin with a triangular file (Fig. 2), follow-
ing the method of Steffani and Branch (2003b). Marked mussels
were collected after 4 months. Shells were measured from the
farthest end of the shell to the original margin marked by the
notch (initial length) and from the farthest end of the shell to
the posterior-ventral margin (final length). Measurements were
made to the nearest 0.05 mm. Growth rates were estimated as
the mean increment in shell length. Recovery rates of marked
animals were 23% at Port Nolloth, 48% at Brazil North and 55%
at Hondeklipbaai.
Ford-Walford plots (Ricker, 1975) were derived by regressing
the final length (L(t+4 months),s) of mussel s on the initial length
(L(t),s) using the regression equation:
L(t+4),s = mLt,s + i (1)
where m = slope and i = intercept on the y-axis. These constants
from the Ford-Walford plots were used to determine the param-
eters L∞ and k for von Bertalanffy growth curves, which were
constructed for Port Nolloth, Brazil North and Hondeklipbaai.
This curve is appropriate for fast-growing bivalves (Seed, 1980)
and is described by the equation:
Lt = L∞(1 − e−k(t−t0)) (2)
where Lt = mean shell length at age t; L∞ = asymptotic length,
i.e. i/(1 − m); k = growth coefficient based on 4-monthly growth
calculated by −ln m; and t0 is assumed to be zero. As M. gal-
loprovincialis grows at a constant rate throughout the year on
the west coast of South Africa (Steffani and Branch, 2003b),
growth measurements of 4 months were used to determine
annual growth.
Overall growth performance was considered using the index
Φ (Munro and Pauly, 1983). This index represents the empirical
relationship between k and L∞ and was calculated using the
equation:
Φ = ln k + 2 ln L∞ (3)
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Growth rates of M. galloprovincialis at Port Nolloth, Brazil
North and Hondeklipbaai were compared using ANCOVA to
assess the effects of site and initial length on growth rate, fol-
lowed by a Tukey post hoc test (Zarr, 1999).
2.3. Biological modelling of the fishery
2.3.1. Population model
A dynamic biomass-based fisheries model (Hilborn and
Walters, 1992) was developed to predict the effect of harvest-
ing on M. galloprovincialis populations. The model was applied
separately to each location and final estimates reflect the mean
estimates across all locations. The population model fluctuations
are described by the following equation:





+ bt − Ht (4)
where Nt = population biomass at time t, r = g − d (where
g = growth increment in biomass and d = natural mortality,
both expressed as fractions); K = biomass carrying capacity
(as defined below); bt = recruitment in weight at time t; and
Ht = whole wet mass harvested at time t. Recruitment into the
population was estimated from the model and assumed to be
independent of stock size. This assumption was considered
valid as harvesting sites were less than 100 m wide, mussels are
broadcast spawners and M. galloprovincialis is known to have
widely dispersing larvae (McQuaid and Phillips, 2000), making
it unlikely that larvae would settle directly back into the popula-
tion from which they originated. As stocks within the harvesting
sites were unexploited prior to this project, natural mortality was
assumed to equal total mortality, and was calculated using the







where Z = total mortality expressed as an annual rate,
L∞ = asymptotic length, L̄ = the mean shell length of all mus-
sels greater than L′ (mm) and L′ = the shell modal length plus
1 mm. Based on the size-frequency distribution obtained during
the pre-harvest survey, the population was divided into 10 mm
size classes. The mean growth rate of each of these classes
(derived from the Ford-Walford plots) was multiplied by the
corresponding increase in dry flesh weight (derived from Van
Erkom Schurink and Griffiths, 1990). When relating growth to
the population model through time, the differences between pre-
and post-spawning weight were accounted for. A conversion
factor of 2.5 (derived from Van Erkom Schurink and Griffiths,
1990) was used to convert dry flesh weight to wet whole-weight
and the growth of the population was calculated by summing
the growth of the various size classes. The size-frequency data
obtained during the bi-monthly harvest monitoring were used
to follow changes in the proportion of the population in each
size classes under the various harvesting intensities. Thus the
growth of the population could be accounted for among har-
vesting intensities through time. As the mussel stocks under
consideration were previously unharvested, it was assumed that
the populations were in equilibrium and at carrying capacity.
Thus the pre-harvest survey was used to determine the carrying
capacity for each site. These values were then averaged for the
four locations.
2.3.2. Maximum sustainable yield (MSY)
The MSY of M. galloprovincialis was calculated separately
for each location over a 12-month period using the equation









where FMSY represents harvesting intensity expressed as a frac-
tion.
As it is important to know the range of yields that may be
achieved at a spectrum of harvesting intensities, the potential
annual yields were predicted from the equation:
F = potential yield




3.1.1. Pre-harvest and harvest monitoring surveys
The pre-harvest biomass present in each mussel zone at the
respective harvesting sites is given in Table 2. The mean biomass
supported at the four harvesting locations varied between 3
473 kg (1413 SE) at Brazil South and 8818 kg (2864 SE) at Port
Nolloth, and generally declined from the low- to high-shore,
with markedly less biomass in the high mussel zone than in
the other two zones. Harvesting resulted in dramatic changes in
size-frequency distribution of M. galloprovincialis populations
as reflected by the proportion of unharvested mussels that were
smaller than 50 mm (Fig. 3). As populations become dominated
by smaller individuals two trends became apparent. Firstly, the
decline in size was proportional to harvesting intensity. Sec-
ondly, the changes become more pronounced with time.
Table 2
Average biomass of Mytilus galloprovincialis (kg) present in each mussel zone
at the four harvesting sites prior to harvesting
Location Mussel zone Overall location
mean
High Mid Low
Port Nolloth 387 (5) 2820 (23) 3893 (19) 8818 (2846)
Brazil North 342 (5) 3219 (14) 3104 (13) 6665 (612)
Brazil South 335 (10) 1282 (17) 1857 (21) 3473 (1413)
Hondeklipbaai 603 (9) 2498 (15) 3130 (18) 6230 (952)
Standard errors are given in parentheses.
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Fig. 3. The mean (+S.E.) proportion of Mytilus galloprovincialis smaller than
50 mm remaining on the rocks after 2 months (a), 4 months (b) and 6 months (c)
of harvesting. * denotes areas in which the proportion of small mussels differed
significantly from the control area (p < 0.05).
3.1.2. Growth rate
The von Bertalanffy growth curves for M. galloprovin-
cialis differed considerably among locations (Fig. 4). ANCOVA
revealed significant differences in growth rates among locations
and in terms of initial length (Fig. 5; Table 3), with growth
rates at Port Nolloth and Hondeklipbaai demonstrating signifi-
cant differences to Brazil North. When standardised to show the
length that mussels would achieve after 4 years, M. galloprovin-
Fig. 4. von Bertalanffy growth curves of M. galloprovincialis at Port Nolloth,
Brazil North and Hondeklipbaai.
Fig. 5. Growth rates (mm/day) of M. galloprovincialis at Port Nolloth, Brazil
North and Hondeklipbaai.
cialis reached 38 mm at Brazil North, 31 mm at Port Nolloth
and 28 mm at Hondeklipbaai. The same pattern was reflected
in overall growth performance (Table 4). The constants of the
Ford-Walford growth regressions and von Bertalanffy curves are
presented in Table 4.
Table 3
(a) Results of an ANCOVA on the effects of initial length and site on the growth
rate of M. galloprovincialis and (b) results of post hoc Tukey tests analysing the
effect of site on M. galloprovincialis growth rate.
d.f. effect MS effect d.f. error F-ratio p-Level
(a) ANCOVA
Initial length 1 0.002 44 501.4 <0.05
Site 2 0.0008 44 200.9 <0.05
Port Nolloth Brazil North Hondeklipbaai
(b) Tukey tests
Port Nolloth 0.0001 ns
Brazil North 0.0001 0.0001
Hondeklipbaai ns 0.0001
Author's personal copy
38 T.B. Robinson et al. / Fisheries Research 88 (2007) 33–41
Table 4
Constants of the Ford-Walford growth regressions and the von Bertalanffy
growth curves at Port Nolloth, Brazil North and Hondeklipbaai
Location Ford-Walford r2 von Bertalanffy Growth
performance, Φ
m i L∞ k
Port Nolloth 0.92 4.43 0.93 52 0.26 5.49
Brazil North 0.88 6.42 0.79 52 0.39 5.86
Hondeklipbaai 0.92 3.75 0.95 49 0.23 5.26
m = slope, i = intercept at y-axis, r2 = coefficient of determination,
L∞ = asymptotic length (mm), k = growth coefficient (4 months growth).
Growth performance (Φ) is also given.
3.2. Biological modelling of the fishery
3.2.1. Population model
The responses in population size of M. galloprovincialis
under varying harvesting intensities at the four locations, as pre-
dicted by the model, are shown in Fig. 6. All locations were
able to sustain harvesting at F = 0.3 for at least a year. However,
at F = 0.6 Brazil South populations were depleted after only 8
months to a level at which the allocated harvest could no longer
be removed. At F = 0.9 only Port Nolloth was not depleted to this
level within a year, whereas stocks at all other sites collapsed
within 6–10 months.
3.2.2. Maximum sustainable yield
Monthly estimates of MSY showed similar seasonal fluctu-
ations at all four locations (Table 5). In November to February
Table 5
Monthly estimates of MSY (kg/100 m rocky shore) for all harvesting locations
Months Port Nolloth Brazil North Brazil South Hondeklipbaai
January 11 9 4 8
February 11 9 4 8
March 1092 825 430 771
April 1092 825 430 771
May 11 8 4 8
June 11 8 4 8
July 11 9 4 8
August 11 9 4 8
September 540 408 213 382
October 540 408 213 382
November 11 8 4 8
December 11 8 4 8
Year total 3341 2538 1118 2370
and May to August MSY estimates were extremely low at all
locations, while in March to April and September to October
estimates increased by roughly two orders of magnitude, primar-
ily due to weight gained during gonadal development in peak
reproductive seasons.
Considering the extremely low MSY estimates in non-peak
times, harvesting during these periods would not be economi-
cally viable. Thus it is suggested that harvesting be restricted
to two seasons; March–April and September–October, and that
the mean MSY estimate for the 4 months across all loca-
tions (i.e. an annual yield of 2.5 t per 100 m rocky shore)
be used as an indication of optimum annual yield. The spec-
Fig. 6. Changes in population size of M. galloprovincialis under various harvesting intensities at (a) Port Nolloth, (b) Brazil North, (c) Brazil South and (d)
Hondeklipbaai as predicted by the fisheries model.* indicates the point at which harvesting can no longer continue at the specified intensity due to stock depletion.
Author's personal copy
T.B. Robinson et al. / Fisheries Research 88 (2007) 33–41 39
Table 6
Predicted yields at a spectrum of harvesting intensities
F Yield (kg/100 m rocky shore)
per harvesting season
Annual harvest for two seasons
(t/100 m rocky shore)
Total annual harvest (t) from open access rocky
shores between Port Nolloth and Hondeklipbaai
0 0 0 0
0.1 315 0.6 69
0.2 630 1.3 149.5
0.3 944 1.9 218.5
0.4 1259 2.5 287.5
0.5 1574 3.1 356.5
0.6 1889 3.8 437
0.7 2204 4.4 506
0.8 2519 5.0 575
0.9 2833 5.7 655.5




4.1.1. Pre-harvest and harvest monitoring surveys
The pre-harvest survey revealed natural variability of M. gal-
loprovincialis biomass within and among sites and locations.
This is indicative of the natural variability inherent in mussel
populations and such unevenness in the distribution of mytilids is
well documented (Caceres-Martinez and Figueras, 1998; Harris
et al., 2003). The dramatic decrease in size of M. galloprovin-
cialis individuals as a result of harvesting reflects a trend typical
of exploited stocks (Hockey and Bosman, 1986; Fairweather,
1990). Eventual dominance by small individuals is a direct result
of the harvesters targeting large mussels.
4.1.2. Growth rate
The growth rates of M. galloprovincialis recorded were
unexpectedly low. Previous work on this species at Saldanha
Bay (150 km south of Hondeklipbaai) showed mussels reach-
ing 80 mm length in just 2 years (Van Erkom Schurink and
Griffiths, 1993). At Groenriver (only 80 km south of Hondeklip-
baai) Steffani and Branch (2003b) recorded growth rates which
resulted in 4-year-old mussels exhibiting lengths of 30–70 mm
along a gradient of wave exposures. This is in comparison with
lengths of 28–38 mm at the same age recorded in this study and
highlights the importance of site-specific research. The reason
for the lower growth rates at Port Nolloth, Brazil North and
Hondeklipbaai are un-clear.
Bustamante and Branch (1996) showed that mussels along the
South African west coast depend largely on subtidal kelp detritus
as a source of food. As near-shore kelp beds are abundant along
the Northern Cape coast, and all sites at which growth rates were
estimated were bordered by large kelp beds, it is unlikely that
food limitation is responsible for the low growth observed. It is,
however, possible that differences in wave action between loca-
tions resulted in the observed differences. Steffani and Branch
(2003b) demonstrated that growth of this mussel is lowest under
conditions of extreme shelter or exposure and highest at inter-
mediate wave action. As qualitative measures of wave action
could not be conducted during this study, clarification of the
mechanisms driving growth rates in this region is not possible.
Previous work on Mytilus californianus by Behrens Yamada
and Peters (1988) demonstrated that harvesting may result in
elevated growth rates in those mussels remaining on the rocks.
Should this occur following harvesting of M. galloprovincialis
along the South African west coast, replenishment of the popu-
lation may occur at rates higher than those considered likely in
this study. Caution should, however, be exercised when making
such inferences, as such relationships may differ among species
and regions.
4.2. Biological modelling of the fishery
The high variability between the population models of the
four harvesting locations (Fig. 6) is indicative of the natural
variability inherent in mussel populations. This in itself should
encourage a cautious approach to any intertidal mussel fishery.
The concept of MSY as a tool to fisheries management
has been applied during the assessment of a number of poten-
tial intertidal fisheries in South Africa (Eekhout et al., 1992;
Pulfrich and Branch, 2002). The peaks in MSY estimates in
March–April and September–October (Table 5) correspond to
the peak spawning periods of M. galloprovincialis along the
west coast of South Africa (Van Erkom Schurink and Griffiths,
1991). The dramatic increase in MSY estimates during these
times reflect the increase in mussel flesh weight resulting from
gonadal development in preparation for spawning. It is, however,
important to note that peak spawning periods, while generally
focused within the above-mentioned months, are not temporally
fixed. It will be necessary to monitor the reproductive status
of the exploited stocks in order to determine the exact timing
of the increased flesh condition. The extremely low estimates
of MSY throughout the rest of the year show that harvest-
ing of M. galloprovincialis would only be viable if focused
within the two peak seasons, spanning roughly March–April
and September–October. A range of harvesting intensities and
the resulting annual yields attained when applying these sea-
sons are shown in Table 6. As only 11.5 km of rocky shore in
the region are available for harvesting, total annual harvests of
between 69 and 287.5 t can be obtained when applying harvest-
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ing intensities of between 0.1 and 0.4. This is in comparison with
4757 t produced annually by mariculture operations in Saldanha
Bay (calculated from Grant et al., 1998). It is interesting to note
that many fisheries impose a closed season in order to protect tar-
get species from exploitation during peak reproductive periods
(Griffiths et al., 2004), whereas a M. galloprovincialis fishery
would depend on these reproductive phases. This is, however,
unlikely to jeopardise the sustainability of the fishery, as mussels
do not aggregate during these times and non-harvested individ-
uals are not prevented from reproducing due to disturbance by
the fishery, the two circumstances that justify closing a fishery
during the breeding season (Arendse et al., 2007).
Successful fisheries management is underpinned by an under-
standing of both the direct impacts of exploitation on the target
species and the indirect effects on non-target species. Thus, in
conjunction with the present study, both the impact of harvesting
on recruitment of M. galloprovincialis (Robinson et al., 2007b)
and the overall impact on rocky shore communities (Robinson
et al., in preparation) were considered. Harvesting intensities
above F = 0.3 were found to significantly reduce recruitment
by decreasing suitable settlement substratum (Robinson et al.,
2007b). As harvesting below this intensity did not significantly
reduce recruitment, it is concluded that the predictions of the
biomass-based fisheries model hold below this point. However,
for harvesting intensities of F = 0.3 and above, the model is likely
to overestimate sustainable yield. Significant changes in com-
munity composition were induced in the mid- and low-shore
by intensities above F = 0.3 (Robinson et al., in preparation).
Consequently, commercial harvesting should be implemented
at an intensity no higher than F = 0.3 and should be restricted to
selected harvesting seasons when yields are high. These mea-
sures would maximise yield while aiding recovery between har-
vests, helping to maintain the integrity of existing communities.
An applied aspect of fisheries management which seldom
receives attention in the scientific literature is the enforcement
of regulations. This is a particularly difficult task when applied
to the intertidal zone which is very accessible. As such there
does exist a risk that initiating a M. galloprovincialis fishery in a
community which has never utilised marine resources may cre-
ate a problem of uncontrolled harvesting rather than introducing
a sustainable system. However, a number of factors exist which
are likely to reduce the chance of such a disaster. Firstly, less
than 5% of the coastline in the area under question is open to
access by the public, access to the remaining coast is restricted
due to diamond mining. Secondly, no market currently exists
for the sale of harvested mussels and so illegal harvesting is
likely to be for subsistence purposes only. Thirdly, violation of
regulatory measures is unlikely to occur if harvesters have an
understanding of the implications of various harvesting pres-
sures and the use of a variety of harvesting tools. As such,
the project was developed to clearly demonstrate the impacts
of harvesting over a range of intensities to the harvesters and
regular meetings were held to discuss the changes in mussel
abundance as the project progressed. Additionally, a pilot project
was used to educate harvesters about the consequences of using
tools which covered a spectrum of gear selectivity and time
efficiency.
5. Conclusion
Based on the mean MSY estimate across all harvesting
locations and the impact of harvesting on recruitment of M.
galloprovincialis and rocky shore community structure, it is rec-
ommended that a harvesting intensity of between 0.1 and 0.3 be
employed if M. galloprovincialis stocks in the Northern Cape
are to be harvested on a commercial basis. Under such condi-
tions it is concluded that a small-scale fishery based on this alien
mussel would be biologically sustainable in the long-term. If
implemented, this would represent the first instance of a marine
invasive species being utilised in South Africa, in a way that
financially benefits local coastal communities.
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